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Abstract

This article examines the production and use of biomass as a renewable
energy source in Malaysia, focusing on the agricultural processing industry.
Malaysia produces approximately 168 million tonnes of biomass, including
palm oil waste, rice husks, coconut debris, sugar cane waste, urban waste, and
forestry waste. The abundance of biomass resources provides a competitive

advantage over other renewable energy sources. However, the industry faces 2024
restrictions and challenges, such as high disposal costs, high electricity
consumption, and related expenses. To address these issues, it is crucial to

. . . Keywords
study the types of biomass available, current technology for biomass energy
production (waste-to-energy), and relevant environmental motivations, Biomass

initiatives, and legislation. This paper analyses the agricultural waste
available for energy generation, existing technologies for converting waste
into energy, and the role of environmental policies in the agricultural
processing business. Energy recycling, which involves utilizing agricultural

Energy sustainability
Sustainable
Agricultural

Green building

waste to generate electricity and thermal energy, is proposed as a viable
solution. Several technologies are explored, including anaerobic digestion,
gasification, incineration/combustion, and pyrolysis, each with advantages
and disadvantages. Thermochemical processes are highlighted for their
effectiveness, requiring minimal pre-treatment, shorter reaction times, and
adaptability to various biomass feedstocks and climatic conditions. The
implementation of incentives, initiatives, and policies by the Malaysian
government serves as guidelines for the agricultural processing industry to
adopt energy recycling practices. By emphasising energy sustainability and
promoting green building initiatives, the industry can contribute to a more
sustainable and environmentally friendly energy landscape.
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1 Introduction

Energy is essential to life, and fossil fuel depletion has become a global issue. Coal, oil and natural gas
are widely used fossil fuels in developed and developing countries. The agricultural processing industry
heavily depends on fossil fuels and contributes significantly to greenhouse gas emissions (GHG). The
bulk of CO, emissions from fossil fuel burning are emitted by power production, industrialization,
mobility, and commercial and residential construction, contributing to approximately 66% of global
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CO2 emissions [1]. In 2019, the gross final energy usage of all energy sources worldwide was 379 EJ;
renewable energy accounted for 17% of the total [2].

Renewable energy is central to achieving international goals: increasing energy efficiency and
access to renewable energy [3]. Renewable energy sources have emerged as a significant contributor to
global energy production, accounting for approximately 50% of new energy capacity, according to the
International Energy Agency (IEA). These sources have become the second most vital electricity supply
after coal. Furthermore, the I[EA projects a substantial increase in global electricity demand, estimating
a 70% surge by 2040 [4].

Malaysia's extensive biomass reserve, estimated at over 168 million tonnes, includes palm oil waste,
rice bran, coconut debris, sugar cane, urban waste, and forestry waste, offering significant potential for
energy production, with a capacity of up to 2400 MW from biomass sources [5]. In alignment with the
National Biomass Strategy 2020 framework, Malaysia aims to achieve an annual biomass production
of 80 million tonnes by 2020. To ensure responsible waste management practices, the government has
implemented stringent environmental targets, promoting the adoption of stricter waste management
protocols within the processing industry [5].

The utilization of waste as a valuable resource for resource recovery is gaining significant
momentum in waste management practices. Adopting energy generation techniques that utilize
agricultural waste produced by the agricultural processing industry can result in energy savings and
waste reduction, thus exemplifying the value of waste [6]. This paper provides an overview of
agricultural waste and examines existing energy recycling technologies suitable for the respective waste
types. The review encompasses a discussion on the available agricultural waste in Malaysia that can be
effectively used for waste-to-energy purposes, recent technology advancements applicable to energy
recycling, and the advantages, disadvantages, and existing supportive incentives, initiatives, and
policies relevant to the agricultural processing industry.

2 Biomass waste for energy in the agricultural processing industry

Biomass, the fourth largest global energy source comprising 51 EJ of global energy supply, contributes
around 16% of the total energy consumption, with palm oil accounting for 51% and agricultural waste
accounting for 22%. There are massive benefits of using biomass resources as a fuel in generating
renewable energy, including the fact that biomass resources are carbon neutral, reduce overreliance on
fossil fuels, save money on fossil fuels, provide a source of revenue for manufacturers, and reduce
garbage in landfills. Biomass is a carbon-neutral resource; the amount of carbon released into the
atmosphere is equivalent to the amount absorbed by plants over their life cycle.

Researchers have shown significant interest in converting biomass into biochar as an economically
viable and environmentally sustainable approach for waste recycling and environmental protection [7].
Biomass, the fourth largest global energy source, contributes 51 EJ to the global energy supply [8]. This
resource accounts for approximately 16% of the total energy consumption, with palm oil constituting
51% and agricultural waste representing 22% of the biomass composition. Utilizing biomass resources
as fuel for renewable energy generation offers substantial advantages, including carbon neutrality,
reduced reliance on fossil fuels, cost savings, revenue generation for manufacturers, and waste reduction
in landfills. It is worth noting that biomass is a carbon-neutral resource, as the carbon released during
its use is offset by the carbon absorbed by plants throughout their life cycle [9,10].

Table 1 Malaysia biomass production [11-13].

Source Quantity
S C ts for RE Moist tent (wt?
(kilo tonne) omponents for (kilo tonne) oisture content (wt%)

QOil Palm 95700 Oil palm fronds 1150
EPFB 76560 50-75
POME 57420 80-95
Coconut 561 Coconut husk 190 11.5
Cocoa 0.76 Cocoa pod 0.56 12.58
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The agro-based industries, such as agricultural processing, also contribute to biomass resources.
Agricultural processing is a manufacturing subcategory that processes raw materials and intermediary
goods produced from agriculture, comprising refining agricultural products [14].

Malaysia is the second largest producer and exporter of palm oil, having cultivated over 5 million
hectares of arable land production, contributing to 31% of global output. The large size of land yields
80 million tons of fresh fruit bunches (FFB) annually. FFB is commonly processed into crude palm oil
(CPO) and palm kernel oil (PKO) for utilization in industries such as food, fuels, and chemical
industries [15]. Almost 70% of the fresh fruit bunch volume is wasted [16]. As technology advances
and the agricultural processing industry expands in response to the growing demand for food and
improvements in human quality of life, more emphasis has been placed on utilizing additional biomass
resources. These resources include rice husk, sugarcane, cocoa, and coconut. Biomass resources, as
depicted in Fig. 1, have proven to be valuable sources of energy generation through efficient recycling
processes. According to the data presented in Table 1, oil palm stands out as the biomass source with
the highest number of components for renewable energy production. Various parts of the oil palm plant
can be effectively utilized in energy recycling. Oil palm shells are particularly prevalent in the current
market as a widely used resource for generating renewable energy. Oil palm is the preferred choice for
renewable energy generation due to its low moisture content level, approximately 7%, the lowest among
the various biomass components considered. Rice husk, with a moisture content of 9%, closely follows
oil palm shells and exhibits significant potential for application in renewable energy production. In
contrast, biomass resources such as sugarcane bagasse and coconut husk possess higher moisture
contents of 50% and 11.5%, respectively, indicating that rice husk is more suitable for energy generation.

However, biomass resources with high moisture content, such as oil palm trunks with a moisture
content of 75%, require additional drying processes before they can be effectively utilized as a fuel in
the green industry for renewable energy generation [12]. These drying procedures ensure that the
moisture content of the biomass is reduced to an optimal level, enhancing its suitability for efficient
energy conversion. By addressing the moisture content, biomass resources like oil palm trunks can be
effectively harnessed as a valuable fuel source in the green industry, supporting renewable energy
generation.

*Empty fruit * Husk *Pod husk *Rice husk *Bagasse
bunch * Coconut shell *Bean shell * Straw

* Shell

* Trunks

*Fiber

Fig. 1 Biomass resources in Malaysia.

3 Energy recycling

Electricity energy in Malaysia is generated both by fossil fuel and renewable resources. Fossil fuel
energy consumption comprises biodiesel, coal, petroleum, and natural gas products. International
Energy Agency, Energy Balance for Non-OECD Countries — 2012 Edition reported that the rate of
energy imports had grown rapidly at 7.2% per year to accommodate rising energy demands of 5.8% per
year [18]. Malaysia will have to import fossil fuels to offset its dependency due to its heavy demand for
fossil fuels and the decrease of local fossil fuel reserves. It is critical to have a well-balanced fuel mix
of fossil and renewable sources. Besides, it was published in Malaysia Energy Statistics Handbook 2020
that the total energy consumption increased rapidly year by year from 13,122 ktoe in 1990 to 64,658
ktoe in 2018 [19].
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Energy recycling (waste-to-energy) restores energy that would otherwise be lost in industrial
processes by flaring, releasing it to the surroundings, or using less efficient machinery. It can be
converted instead into usable energy, such as electricity or heat (steam or heated water) [20].

Malaysia possesses abundant biomass resources and encompasses a land area totaling 32.90 million
hectares, presenting a significant opportunity for the agricultural processing industry to contribute to
energy recycling. The distribution of crops in Malaysia is as follows: oil palm accounts for 35.2%,
rubber for 2.3%, and other crops such as cocoa, coconut, paddy, and others collectively contribute 29.3%
[21,22]. In recent scientific discourse, considerable attention has been directed toward plant biomass as
an alternative to fossil fuels. The renewable nature of biomass has emerged as a significant factor in
this interest [23]. Notably, biomass possesses distinct advantages over other renewable energy sources
as it has the potential to cater to the entire spectrum of energy requirements, encompassing
heating/cooling, electricity, and fuels, without encountering significant storage challenges. Additionally,
biomass exhibits versatility in its conversion into solid, liquid, and gaseous energy sources through
various thermo-chemical, physical-chemical, and biochemical processes. These processes enable the
generation of power, fuels, and heating/cooling through combustion or complete oxidation.

4 Types of technology for energy recycling

Agro-based industries produce agricultural waste as a result of agricultural activities. One of the
agricultural wastes in Malaysia is biomass which produces at least 168 million tonnes annually [24].
Malaysia critically requires effective waste treatment facilities and infrastructure to address its waste
issues, as recycling alone might not be sufficient. Previously, waste incineration was the preferred
method for reducing waste volume and destroying dangerous substances, minimizing human health
risks [25]. These include material recovery facilities or recycling plants, composting plants, anaerobic
digesters, and waste-to-energy plants in the current era [26]. When considering electricity yields and
heat, incineration seems to be the best option; however, if solely considering electricity production,
anaerobic digestion might be better [27]. As a result, appropriate utilization of waste's energy potential
through economically and technically viable solutions can aid in promoting sustainability and fulfilling
global renewable energy demand [28]. Table 2 summarises the possible energy recycling technology in
its respective industry and fields.

Table 2 Types of technology and the related industry/field.

Technology Industry / Field

Anaerobic digestion plant Palm oil biomass, food processing industry
Gasification Household waste, coconut, palm kernel shell
Direct combustion Municipal solid waste (MSW), palm oil biomass
Combined heat process plant (CHP) Municipal solid waste (MSW), palm oil biomass
Pyrolysis Palm oil biomass

Fig. 2 shows the conversion process flow of the biomass-to-energy technology for energy recycling
to heat and electricity generation, including the fuel produced from each technology.

Biomass may be converted into liquid or gaseous fuels and then used to produce power, heat,
chemicals, or liquid or gaseous fuels. Biomass can be turned into biofuels in many ways, roughly
categorized into thermochemical conversion and biochemical conversion. Thermochemical conversion
is an effective method for turning biomass into biofuels that may be categorized into two groups: dry
(nonaqueous) and hydrothermal methods. Temperature, heating rate, residence time, particle size, and
other physical properties are utilized to determine whether thermochemical conversion methods are
appropriate [29]. The fundamental for biochemical conversion is the enzymatic hydrolysis of
lignocellulosic materials to sugars, which are subsequently fermented and distilled to make cellulosic
ethanol [30]. Table 3 provides a broad comparison of thermochemical and biological processes.
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Fig. 2 Biomass-to-energy conversion for energy recycling.
Table 3 Comparison between Thermochemical and Biochemical Processes [30].

Thermochemical Process Biochemical Process

Effectively utilized with most biomass feedstock Microbes, enzymes, and chemicals are used
There is no pre-treatment Pre-treatment is necessary

It has higher productivity due to the reaction's wholly Productivity is limited due to biological conversion.
chemical nature.
Using fractional separation of products, many high- It is restricted to one or a few products, requiring more

value products are possible. microbes and enzymes for additional products.
Regardless of weather conditions Sensitive to ambient temperature, anaerobic digester
Waste/biomass is fully utilized. Secondary wastes, such as biomass sludge, are
produced.
Reaction time is shortened. Reaction time is lengthened.
Slurry and Power
manure

r Gas grid

v / -

Food and Anaerobic - i i
amenity waste — 5 digester > Biogas Biogas Biomethane
A
Crops and Transport fuel
residues v v
Digestate Heat

Fig. 3 Anaerobic Digestion Plant [31].

Anaerobic digestion plant (ADP) is today a proven and environmentally acceptable waste treatment
process widely utilized in Europe, and anaerobic digestion is classified as one of the biological
treatments available in the market [32]. The overview of the plant processes is shown in Fig. 3. Suitable
feedstocks for ADP are agricultural waste, livestock waste, forestry residues, energy crops, and urban
solid waste [33]. Thus, ADP breaks down the waste produced in the food manufacturing industry by
microorganisms without air. It is a naturally occurring technique that produces biogas, which is
composed of 60% methane (CH4) and 39% carbon dioxide (CO2), along with traces of water vapor,
hydrogen, sulfide, and ammonia [34]. Methane gas (biogas) can generate sustainable heat and power or
be processed into 99% methane and converted into bio-methane for industrial usage [31]. This
procedure also created a residual co-product consisting of an odorless "digestate" containing high
volumes of plant-available nitrogen, phosphorous, and potassium and may be distributed on the ground
as fertilizers [35]. Balance in the ecosystem can be achieved as the agricultural waste from the food
manufacturing industry can be returned to the environment and help grow new plants.
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In Malaysia, the anaerobic digestion plant generates biogas using food waste as the potential
feedstock. However, compared to other organic wastes, such as food waste, palm oil mill effluent
(POME) is given more significant consideration as a source [36]. POME is an underutilized liquid waste
stream yielded during the palm oil extraction/decanting phase that is a desirable raw material for
biomethane generation and is widely present throughout all palm oil mills that can consistently provide
substrates for biogas production at no or low cost and is an excellent source of potential for biomethane
production. Two methods are applied in palm oil mills: the open pond and closed anaerobic systems.
The open pond system, which is relatively inexpensive to install, is the most widely used. However,
this system usually fails to fulfill discharge standards due to failed operational control, longer retention
time, and worries about short-circuiting. In addition, biogas produced in an open system is not collected
for use. Due to the recoverable methane, a confined anaerobic system, instead of an open system, may
create and capture top-quality methane-rich biogas from POME [37].

4.1 Gasification

Biomass gasification reduces reliance on fossil fuels by substituting biomass resources for fossil fuels,
assuming that adequate biomass feedstock is available abundantly. Biomass gasification is a biomass
energy-based system that produces energy through the combustion of biomass resources in the gasifier
at a high temperature of about 1000°C [38]. The first reported use of gasification for electrical
generating occurred in 1792. However, Siemens erected the first operational gasifier device in 1861,
establishing the first industrial coal gasification station at Wabash River, United States of America,
1999. Since 2001, biomass gasification has attracted substantial interest due to variable oil costs and
global warming concerns [39].

The products of biomass gasification are combustible gaseous gas called syngas/producer gas
production, hydrogen-enriched gas production, electricity production, and biomass gasification co-
generation. Syngas/producer gas is a combustible gaseous gas produced from the inadequate
combustion of solid biomass fuel to create syngas. As a result, flammable gases such as carbon
monoxide (CO), hydrogen (H2), and traces of methane (CH4), as well as byproducts like tar and dust,
are created. Syngas/producer gas may be used to power internal combustion engines and can also be
utilized to manufacture methanol, which can be used as a fuel for heat engines and as a chemical
feedstock for industrial. The thermochemical route of biomass gasification produces hydrogen at a
lower cost with higher efficiency than biochemical routes, which face a significant challenge — a low
rate of hydrogen production. However, they are less energy-intensive and better for the environment
[40]. Co-generation is a technique for enhancing biomass gasification's economic and environmental
elements, whereas electricity resulting from co-generation is a widespread potential use of biomass
gasification [41].

Biomass gasification's benefits include sustainability and being environmentally friendly - better
efficiency, lower CO2 emissions, and improved soil fertility as the biochar produced can act as a
medium for carbon storage and sequestration [42]. In Malaysia, waste-to-energy (WTE) plays a critical
role in household solid waste management, eliminating roughly 95% of municipal solid waste (MSW)
by volume entering landfills through thermo-chemical waste treatment pathways such as gasification
[43]. With the fluidization method, the study demonstrated that considerable quantities of hydrogen gas
(up to 67 mol%) may be produced from agricultural waste such as coconut and palm kernel shells [44].

4.2 Direct Combustion

The primary method employed for waste management involves the combustion and conversion of waste
materials at a minimum temperature of 850 °C, generating heat and energy [32]. However, large-scale
industries often utilize non-conventional power plants that exhibit inefficiencies in electricity
production. This inefficiency arises from the significant energy loss (60-70%) during the process, as
well as the time required for the cooling tower to lower the temperature of the boiled water and initiate
the cycle again. Compared to landfill gas recovery systems (LFGRS) and anaerobic digestion, a case
study conducted at the Taman Beringin dump in Malaysia demonstrated that incineration has the highest
potential for energy output, heat generation, and electricity production. Notably, incineration yielded
the most significant profit increase, reaching 287% (450 TUSD/d), followed by anaerobic digestion and
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LFGRS. Based on the analysis, incineration is the most cost-effective and environmentally sustainable
option among the available alternatives [45].

Conventional power plants (CHP) typically generate 30-40% of electricity [46]. In contrast, CHP
systems capture and utilize the heat that would otherwise be wasted during electricity generation,
distributing it to nearby buildings for various heating purposes. CHP, also known as co-generation,
enables simultaneous electricity and heat production, providing users with power and hot water. CHP
systems can achieve an impressive efficiency of approximately 90% for electricity and heat generation
[46]. The size of a CHP system may vary depending on individual user requirements. In Brazil, a study
evaluated the feasibility of utilizing agricultural and agro-industrial wastes as renewable resources for
combustion in centralized power plants to generate electricity. The research findings revealed a
significant potential for renewable energy production, estimated at 141 TWh per year [47].

In Malaysia, the waste-to-energy sector primarily relies on two prominent technologies:
incineration in combined heat and power plants (CHP) and controlled landfill systems designed to
capture methane emissions. These technologies have gained prominence due to several factors,
including the substantial volume of municipal solid waste (MSW) generated daily in urban areas and
the significant presence of palm oil biomass waste, a primary agricultural resource [48].

Incineration in CHP plants is a widely adopted waste-to-energy technology in Malaysia. It involves
the controlled burning of waste materials, such as MSW, to generate heat and electricity simultaneously.
This approach offers a dual benefit by addressing waste management concerns while harnessing the
energy potential of the waste stream. Through the combustion process, the waste materials are thermally
treated at high temperatures, converting them into heat energy to generate electricity. The generated
electricity can then be supplied to the grid for consumption, contributing to the overall energy supply.
Controlled landfill systems, on the other hand, focus on capturing and utilizing methane gas, a potent
greenhouse gas released during the decomposition of organic waste in landfills. With specialized
techniques and infrastructure, methane emissions are collected, controlled, and converted into usable
energy sources. This process reduces the release of methane into the atmosphere, mitigates its
environmental impact, and allows for the extraction of valuable energy from the waste stream. This
recovered energy can be utilized for various purposes, including electricity generation and heat
production. Adopting CHP systems in waste-to-energy facilities offers additional advantages beyond
energy production. The production of biogas as a byproduct of the waste treatment process enables
efficient energy recovery and promotes energy savings. Biogas, primarily composed of methane and
carbon dioxide, can be harnessed as a renewable energy source. It can be used as a substitute for fossil
fuels, reducing dependency on non-renewable resources and minimizing greenhouse gas emissions.

4.3 Pyrolysis

Pyrolysis is a highly efficient thermochemical conversion process that enables the conversion of
lignocellulosic biomass into valuable gaseous and liquid fuels through the decomposition of biomass
into charcoal and volatile matter. To ensure effective conversion, municipal solid waste (MSW) needs
to be reduced to a maximum size of 300 mm, requiring pretreatment methods [49]. Pyrolysis
encompasses slow and rapid conversion processes characterized by specific parameters such as
temperature, heating rate, and process duration. In the absence of oxygen, pyrolysis occurs at
temperatures around 500°C, initiating a gradual chemical reaction that transforms the biomass into three
primary products: oil, gas, and char. These products find applications in various industrial processes
and refining operations [50]. The gas produced during pyrolysis is a mixture of hydrocarbon-rich gases,
including CO,, CH4, and H,. This gas mixture can be utilized in industrial applications, such as heat
and power generation, or further processed to produce valuable chemicals and fuels [50]. Additionally,
pyrolysis generates a fluid oil product that can be readily employed in different applications without
further upgrading. This oil can be used in boilers, furnaces, turbines, and diesel engines, providing a
versatile and readily available fuel source [51].

The oil palm industry generates significant byproducts, accounting for approximately 90% of the
total palm oil production. These byproducts include empty fruit bunches, oil palm shells, oil palm fiber,
and palm oil mill effluent (POME), while only 10% constitutes the actual palm oil produced in the oil
palm mill. Among the various thermal energy conversion technologies, pyrolysis has emerged as a
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promising and efficient method for utilizing these oil palm byproducts to generate renewable energy
[52]. However, the government has identified landfill gas recovery systems (LFGRS), combustion,
anaerobic digestion, and gasification as the preferred technologies for waste-to-energy conversion.
Although a promising technique, pyrolysis is not currently listed among the four waste treatment
options considered the most effective for waste-to-energy conversion in the country [27].

5 Incentive, initiative, and policies for energy recycling in Malaysia
5.1 Incentive

The government of Malaysia is diligently trying to strengthen renewable energy (RE) policies, programs,
and incentives to encourage and expand the use of RE resources. In addition, the Malaysian government
has provided many incentives, such as pioneer status (PS) and investment tax allowance (ITA), to
encourage the country's growth of renewable energy [53].

The Sustainable Energy Development Authority (SEDA) has implemented several programs to
promote the usage of renewable energy (RE), including the Green Investment Tax Allowance (Project)
and the Green Income Tax Exemption (GITE) (Services). Renewable Energy, Energy Efficiency, Green
Building, Green Data Centers, and Integrated Waste Management Activity are included in the GITA of
100% of qualified capital expenditure (QCE) until 2023 [54]. For GITE, 100% of tax payable from the
year of evaluation when MIDA received the application until 2023, which covers Renewable Energy,
Energy Efficiency, Green Building, Green Data Centre, Green Township, Certification/Verification
Bodies, and Electric Vehicles (EV) [54].

5.2 Initiative

Sustainable development initiatives are currently being pursued extensively worldwide [53].
Several projects are underway to encourage the long-term exploitation of Malaysia's biomass resources.
The 11th Malaysia Plan (2016-2020) states that research would be carried out to identify new RE
sources to broaden the power mix. Through the Sustainable Energy Development Authority (SEDA),
the government will train 1,740 people to become professionals in the field of RE [55]. Additionally,
the 11th MP emphasizes the handling of solid waste as a new resource that may be recovered materially
via biochemical (AD) or thermo-chemical (Incineration, Pyrolysis, Plasma Gasification) routes for
electrical production and secondary fuel resources for energy production [43]. Renewable energy
sources of biomass, biogas, solar PV, and mini-hydro are expected to make up 7.8% of Peninsular
Malaysia and Sabah's total installed capacity by 2020, or about 2,080 MW6 [55]. Moreover, the 11th
MP wants to make Malaysia a much more energy- and resource-efficient country by, among other things,
managing waste more holistically, increasing the amount of renewable energy in the energy market and
the national mix of electricity generation, and setting up a green market.

5.3 Policy

Malaysia has dedicated over three decades to formulating and refining pivotal policies and strategies to
effectively address the complex aspects of energy production, delivery, and demand. These critical
initiatives are primarily devised and implemented by government-linked entities and other
governmental organizations [56].

The Feed-in Tariff (FiT) system has emerged as a highly effective approach for facilitating the rapid
and sustained deployment of renewable energy (RE). Under this mechanism, Distribution Licensees
(DLs) are obligated to purchase electricity generated from renewable sources from Feed-in Approval
Holders (FIAHs) for a specified duration [54]. This incentivizes electricity consumers exceeding a
monthly consumption threshold of 300kWh to generate renewable electricity and sell the surplus back
to the grid [55]. FiTs have been widely adopted in over 40 countries worldwide, including prominent
examples such as Germany, Spain, Italy, and Thailand. These tariff schemes compensate producers for
the electricity they supply from renewable sources, calculated in kilowatt hours (kWh) [50]. Notably,
FiTs encompass various renewable energy technologies such as solar PV, biomass, biogas, and mini-
hydro, with their inclusion dating back to 2011.
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Despite its prior existence in Malaysia, a tariff system for renewable energy has not gained
significant popularity. However, in 2011, a revised version of the Feed-in Tariff (FiTs) was introduced
to enhance the effectiveness of the previous tariff structure (refer to Table 4). The primary objective of
the new FiTs is to encourage a more significant number of Malaysians to participate in renewable
energy investments. The highest biomass tariff is RM 0.31kWh™! and the lowest is RM 0.27kWh'!, with
a 0.5% degression [57].

Table 4 Rates of FiTs for biomass [58].

Biomass (Solid Waste) FiTs Rates(RM/kWh) ‘

(a) FiT tariffs for installed capacity at a basic level:

(1) Up to and including 10 MW 0.3085
(i1) 1020 MW 0.2886
(iii) 20-30 MW 0.2687

(b) Bonus FiT rates that meet one or more of the following criteria:
(1) Utilisation of gasification technology +0.0199

(i1) Utilisation of steam-based electricity generation systems with greater than 20% +0.0100
overall efficiency

(i11) Utilisation of a boiler or gasifier that was made or constructed locally +0.0500

(iv) Utilisation of solid waste as a source of energy +0.0000

6 Conclusion

This paper provides a comprehensive review of the available biomass waste in Malaysia, including oil
palm, coconut, cocoa, rice, and sugarcane, highlighting their potential for energy utilization in the
agricultural processing industry. Malaysia's abundance of biomass resources signifies a significant
opportunity for energy recycling and sustainable waste management practices. Among the various
biomass waste sources, oil palm stands out as the country's primary contributor to biomass waste
production. The paper also examined different technologies for energy recycling, encompassing
thermochemical conversion methods such as combustion, gasification, and pyrolysis, as well as
biochemical conversion methods like anaerobic digestion. The advantages and disadvantages of these
technologies were thoroughly assessed.

The Malaysian government has also implemented attractive incentives, initiatives, and policies to
promote adopting sustainable energy practices, fostering awareness and participation in developing a
greener future. Energy recycling benefits the environment and offers industry advantages, including
waste reduction, energy savings, and cost efficiency. Based on the extensive literature review, it was
observed that anaerobic digestion plants had gained prominence as the preferred technology for energy
recycling and the generation of renewable energy through waste-to-energy conversion in the
agricultural processing industry. However, it is worth noting that pyrolysis, although a promising
technology, remains relatively less explored and adopted compared to other reviewed technologies.
Further research and development efforts should be directed towards investigating and promoting the
potential of pyrolysis in the Malaysian context, given its ability to convert biomass waste into valuable
energy resources effectively.

In conclusion, the findings of this paper underscore the importance of energy recycling and the
utilization of biomass waste in Malaysia's agricultural processing industry. The identified technologies
and government initiatives provide a framework for sustainable waste management practices and for
developing a greener energy sector. Continued exploration of innovative and efficient energy recycling
technologies, including further investigation into pyrolysis, will contribute to Malaysia's transition
towards a more sustainable and environmentally friendly future.
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